Various optically active endo-bicyclo [n,1,0]hex(hept)an-2-ols, were synthesized from the cyclopropanation of cyclopent(hex)en-2-ols and followed by the transesterification of the isoprenyl hexanoate in the presence of Novozym ® as catalyst. The enantioselectivity is more satisfactory with endo-bicyclo [4,1,0] heptan-2-ols (E > 60) than with endobicyclo [3,1,0] hexan-2-ols (E < 20).
INTRODUCTION
Enzyme catalysis has been one of the most useful methods for the preparation of enantiomerically pure compounds. Numerous studies have indicated the application of enzymes to prepare synthons for use in asymmetric synthesis and many reviews on this subject have been published recently [1] . Enzymes such as Candida antarctica lipase B (Novozym 435), Pig liver esterase (PLE), Pseudomonas cepacia lipase (PCL), Candida rugosa lipase (CRL), Burkholderia cepacia lipase (BCL), and Aspergillus oryzae protease (AOP) have been used. Enzymes can be employed in the resolution of alcohols and esters and many examples have been reported in the literature [1] .
The enzymatic synthesis of optically active bicyclo [n, 1, 0] alkan-2-ols should be interesting in order to prepare natural compound with such a feature [2] or analogs, but these compounds are also interesting intermediates for the synthesis of various types of compuds with one or several stereogenic carbon centers.
Cleavage of the C 1 -C n+3 or C n+2 -C n+3 cyclopropanic bond of bicyclo [n.1.0]alkan-2-ols allows the synthesis of various types of compounds bearing one or several chiral atoms. Substitution of the hydroxyl group by a homolytically cleavable substituent allows the synthesis of cycloalkenes with at least one stereogenic carbon atom by cleavage of the C 1 -C n+3 cyclopropane bond. Thus, the preparation of enantiomerically enriched bicyclo [n,1,0]alkan-2-ols derivatives [3] should give an access to various types of compounds in an optically active form.
(CH 2 ) n-1 In this paper we have focused on the preparation of optically active endo-bicyclo [n,1,0] hexan-2-ols 4b,d-e,g [6] (Scheme 2) and optically active endo-bicyclo [n,1,0] heptan-2-ols 4'a-g [7, 8] (Scheme 3) by enzymatic resolution in order to show the influence of the substituent on the selectivity. This type of reaction was run at 37 o C in tertbutylmethylether with an acylating agent (isopropenyl hexanoate).
RESULTS AND DISCUSSION
Since 4 and 4' were unknown, we turned our attention towards their synthesis and their enzymatic resolution. Racemic compounds 4 and 4' were obtained by reaction under air [4] of cyclopent (hex)-2-en-1-ols 3 and 3' with the reagent obtained by the addition of ClCH 2 I to Et 2 Zn [9] . The required cyclopent(hex)enols 3 and 3' were prepared by reduction of the corresponding cyclopent(hex)-2-en-1-ones 2 and 2' with NaBH 4 in the presence of CeCl 3 .7H 2 O [10] . Also 2 and 2' were obtained by treatment of 3-ethoxycyclopent (hex)-2-en-1-ones 1 [11] and 1' [11] with RMgX [12] or RLi [13] followed by an aqueous treatment. It is noteworthy that the compounds 3-ethoxycyclopent(hex)-2-en-1-ones 1 and 1' were prepared as described in the literature [11] by treatment of commercially available cyclopent(hex)ane-1,3-diones as the starting material with ethanol in the presence of ptoluensulfonic acid (Scheme 1).
Firstly, the resolution of racemic endo-bicyclo [3, 1, 0] With a moderately enantioselective enzyme (E < 20), the reaction carries to well over 50% conversion to get unreacted enantiomer of high optical purity at the cost of acylated enantiomer of lower optical purity. The enantioselectivity of Novozym is largely dependent on the structure of substrate as formulated by Kazlauskas [14] : most lipases show (R) -selectivity toward simple secondary alcohols carrying one small and one relatively larger substituent at the hydroxyl methane center, and the selectivity in general increases with an increase in the size difference between two substituents. The small size of the substituent limits the reactivity of substrate toward lipase.
Also an enzymatic methods afforded an alternative and effective way for the synthesis of optically active endobicyclo [4,1,0]heptan-2-ols -ols 4'*a-g [7, 8] 
(Scheme 3).
The results of the transesterification of racemic endobicyclo [4,1,0]heptan-2-ols 4'a-g with tert-BuOMe in the presence of lipase from candida Antarctica (Novozym ) as catalyst reported in Table 2 show that the E values observed for Novozym catalyzed reaction of the corresponding 4'a-g with isopropenyl hexanoate were between 60 and 800.
Except the reactions of 4'b, for all the other attempts, the enantioselectivity and the reaction rate were simultaneously higher. As expected in this type of Kinetic resolution, it is possible to isolate the product or the unreacted substrate with a good ee by running the reaction at about 50% conversion.. So these reaction conditions seem more attractive from a synthetic point of view.
In case the enzyme is highly enantioselective (E = 200 or greater) ( Table 2 , entry 4,6,7), the resolution reaction in general is stopped at nearly 50% conversion to obtain both unreacted enantiomers and acylated enantiomers in enantiomerically enriched forms.
Generally, enzyme-catalyzed transesterifications were stopped at about 50% conversion by removing the enzyme by filtration, then bicycloalkyl hexanoates 5*and 5'* and unreacted bicycloalkanols 4* and 4'* were separated by silica gel column chromatography. Enentiomeric excesses (ees) of bicycloalkanols 4*b-4*g and 4'b*-4'g* were determined by gas chromatography on a chiral column (Cydex B) and those of 4'a* samples were determined by HPLC of the corresponding phenylcarbamat on a chiral OD-H column. Enantiomeric excesses of bicyclohex(hept)yl hexanoates 5b*-5g* and 5'a*-5'g* were measured as described above from the corresponding bicyclohex(hjept) an-2-ols isolated after treatment of these esters with LiALH 4 . The substrate conversion C and the enantioselectivity factor E were calculated taking the following equations [15] , where ee S and ee P refer to the recovered alcohol substrate and the ester product respectively: C = ee S /(ee S + ee P ); E = ln
The results are illustrated in Tables 1 and 2 .
The compounds ethylbicycloheptanol 4'c and butylbicycloheptanol 4'd enriched in the enantiomers (1R, 2S, 6S) [16, 17] and (1S, 2R, 6R), respectively, were synthesized by cyclopropanation of (S)-3-ethylcyclohex-2-enol 3c* and of (R)-3-butylcyclohex-2-enol 3d* prepared by reaction, in the presence of Li 2 CuCl 4 , of EtMgBr and BuMgBr with the Known optically active (S)-and (R) -3-iodocyclohex-2-enols 6, which were available by the method described by Mori and all [18] (Scheme 4).
Determination of the stereochemistry may be obtained by comparison of the specific rotation sign and of the retention time in gas chromatography on a Cydex B column of the 4c * and 4d * with those of the optically active bicycloheptanols isolated after the Novozym ® -catalyzed transesterification with 4'c and 4'd.
CONCLUSION
In summary, an efficient asymmetric synthesis of optically active endo-bicycloalcanols has been described herein by in vitro enzyme approach. The E-values for Novozym -catalyzed transesterification of isopropenyl hexanoate with endo-bicyclo [4,1,0] heptan-2-ols (E>60) are as high as those obtained with endo-bicyclo [3, 1, 0] hexan-2-ols(E<20).
EXPERIMENTAL SECTION

General
The spectra of 1 H and 13 C NMR were carried out on spectrometers Bruker respectively) , or on AC-250 (250 and 62.9 MHz, respectively). The chemical shifts for carbon and hydrogen are given on the scale relative to TMS (tetramethylsilane, =0ppm). The abbreviations used are the following: s, singulet; d, doublet; dd, doublet of doublet; t, triplet; tt, triplet of triplet; q, quadriplet; m, multiplet, and b for broad singlet. J was used to indicate coupling constant in Hertz. The infra-red spectra were recorded on a spectrometer Perkin-Elmer 682. The mass spectra were given on a GC-MS Nermag R10-10 (capillary column: CPSIL5, 25m) with ionization. Flash column chromatography was carried out with Silica Gel 70-230 mesh. The TLC was performed on Merck silica gel (60F 254 , 0.25mm). All solvents were obtained dry as follows: the diethyl ether is distilled on LiALH 4 , the tetrahydrofurane (THF) was distilled from sodium benzophenone ketyl before use, the 1,2-dichloroethane and tert-BuOMe is filtered through a short column basic alumina (activity I). A column -Cydex (25m X 0.25mm) was used for the enantiomeric excess measurements. Cyclohexane-1,3-dione, cyclohex-2-en-1-one and 3-methylcyclohex-2-en-1-one was purchased from the Acros Organics. 
General Procedure for the Preparation of 3-Ethoxycyclohex-2-en-1-One 1'
This compound was prepared as described in the literature [11] by treatment of cyclohexane-1,3-dione with ethanol in the presence of p-toluenesulfonic acid in a distillation apparatus, but the usual solvent (benzene) was replaced by cyclohexane. With these solvents the boiling point of a binary azeotrope (cyclohexane-ethanol-water: 62. The 3-substitud cyclohex-2-enones 2' were prepared from the ethoxycyclohexenone 1' according to literature procedure [12, 13] .
The 3-substitud cyclopent-2-enones 2 were prepared from the ethoxycyclopentenone 1 according to literature procedure [12, 13] .
Cyclohex-2-en-1-ols 3' were prepared by treatment in methanol of the cyclohexen-2-enones 2' with NaBH4 in the presence of CeCl 3 .7H 2 O [10] .
Cyclopent-2-en-1-ols 3 were prepared by treatment in methanol of the cyclopent-2-enones 2 with NaBH4 in the presence of CeCl 3 .7H 2 O [10] . (dd, J=6.3, 12. 3 Hz, 1H), 1.51-1.12 (m, 8H), 1.09 (s, 3H), 0.51 (dd, J=4.9, 4.9 Hz, 1H), 0.31 (dd, J=4.9, 8.9 Hz, 1H); 13 C RMN (CDCl 3 , 59.3 MHz) 67.7, 31.8, 29.6, 29.1, 28.3, 25.4, 22.2, 14.0 [7] . 23. 1, 22.7, 20.2, 14.0, 13.7 ; IR (neat) 4.20 (dd, J=6.3, 11.82 Hz, 1H), 22H), 0.8 (bt, j=7.5 Hz, 3H), 0.49 (dd, J=4.6, 4.6 Hz, 1H), 0.35 (dd, J=4.6, 8.5 Hz, 1H) ; 13 C RMN (CDCl 3 , 62.9 MHz): 66.8, 41.3, 31.8, 29.8, 29.7, 29.6, 29.3, 27.7, 26.5, 25.5, 23.3, 22.6, 20.3, 14.0, 13.7 ; IR (neat) 18 (dd, J=6.2, 11.08 Hz,1H), 26H), 0.89 (bt, J=7.5 Hz, 3H), 0.45 (dd, J=4.7, 4.7 Hz, 1H), 0.34 (dd, J=4.7, 8.6 Hz, 1H) ; 13 C RMN (CDCl 3 , 62.9 MHz): 67.1, 41.3, 31.9, 29.9, 29.8, 29.7, 29.65, 29.6, 29.5, 29.3, 27.8, 26.6, 25.6, 23.4, 22.7, 20.3, 14.0, 13.6; IR (neat) 129.0, 128.0, 125.9, 66.4, 46.1, 29.7, 27.5, 25.1, 23.4, 19.7, 12.8 ; IR (neat): max 3360, 3080, 3060, 3020, 3000, 2960 IR (neat): max 3360, 3080, 3060, 3020, 3000, , 2840 IR (neat): max 3360, 3080, 3060, 3020, 3000, , 1450 13 C RMN (CDCl 3 , 62.9 MHz) 72, 8, 40, 3, 32, 9, 32, 0, 28, 5, 27, 8, 23, 7, 20, 2, 14, 0, 12, 7 ; IR (neat) 72, 8, 40, 6, 32, 9, 32, 5, 32, 0, 30, 6, 28, 5, 25, 6, 23, 1, 20, 2, 14, 0, 12, 7 ; IR (neat) 
General Procedure for the Preparation of Bicyclo
6-Ethylbicyclo
General Procedure for the Enzymatic Resolution of
Endo-Bicyclo [4,1,0]Heptan-2-ol 4'a Bicyclo [4,1,0]heptan-2-ol (112 mg, 1 mmol) 4'a was dissolved in tert-BuOMe (4 mL) in a flask equipped with a magnetic sirrer. To this solution 162 mg of Novozym ® and 167 mg of isopropenyl hexanoate (1.07 mmol, 1.07 equiv) was added and the reaction mixture was stirred at 37 °C. The reaction was monitored by TLC; at around 50% conversion, the reaction was stopped by removing the enzyme by filtration, and the solid was washed several times with tertBuOMe. After concentration under reduced pressure and then the residue was purifed on a silica gel column chromatography (pentane:diethyl ether:70/30) to give the bicyclo [4,1,0]heptane-2-yl hexanoate 5'* (107 mg, 51%) and the alcohol 4'* (46 mg, 41%).
The bicycloheptyl hexanoate 5'* was then treated at 0 o C in lithium aluminium hydrure. After stirring for 1h at room temperature, wet Na 2 SO 4 was added in order to obtain a clear supernant solution. After filtration, the solution was concentracted under reduced pressure and the optically active coumpound bicyclo [4,1,0]heptan-2-ol (90% ~ yield) was separated from the hexan-1-ol by silica gel flashchromatographed (20:80 to 50:50 diethyl ether in n-pentane).
The transesterifications with bicycloheptanols 4'b-g were made following the same procedure.
The transesterifications with bicyclohexanols 4b,d-e,g ware obtained according to the same protocol with 4'a-g.
General Procedure for the Preparation of 3-Ethylcyclohex-2-en-1-ol 3c*
To a solution of the soluble Li 2 CuCl 4 (84 mg, 0.38mmol, 0.15 equiv) in THF (4 mL) at -20 o C under argon, 10,5 mL of a 1M solution of EtMgBr in THF (10.5 mL, 4 equiv) and 586 mg of (-)-3-iodocyclohex-en-1-ol 6 [18] in THF(4 mL) was added. After sterring for 14 hours at-20 o C and 4 hours at 20 o C, the reaction mixture was poured into a saturated ammonium chlorur solutione and extracted with diethyl ether (3 30 mL). The combined organic extract was washed with water and dried over anhydrous Na 2 SO 4 . The solvent was evaporated under reduced pressure and the crude product was purified on a silica gel column chromatography to obtain the (-)-3-ethycyclohex-en-1-ol 3c* 219mg (66% yield) using diethyl ether/n-pentane (10:90) as eluent. Enantiomeric excess (ee=77%) was determined by GLC analysis using -Cydex chiral column (p=0.8 bar, 85 o C). The retention time for the (S)-3c* is 27min and for (R)-3c* is 30 min.
General Procedure for the Preparation of 3-
Butylcyclohex-2-en-1-ol 3d* This product was obtained from (+)-3-iodocyclohex-2-en-1-ol 6 [1718 and BuMgBr, according to the same previous protocol, in 199mg (72% yield). Enantiomeric excess (ee=97%) was determined by GLC analysis usingCydex chiral column (p=0.8bar, 85 o C). The retention time for the (S)-3d* is 39 mins and for (R)-3d* is 40mins.
